Ages and Stages Questionnaires HIC High-income country LMIC Low-and middle-income country AIM To map the breadth of use of the Ages and Stages Questionnaires (ASQ) in low-and middle-income countries (LMICs) across world regions, and examine procedures for ASQ translation, adaptation, psychometric evaluation, and administration.
INTERPRETATION Findings suggest broad global use of the ASQ in a range of countries and cultural and linguistic contexts. There is need for further validation studies across all cited regions and countries and in countries ready to begin to design systems for providing universal developmental screening services.
Over the last decade, interest in developmental screening and assessment in low-and middle-income countries (LMICs) has increased dramatically. Numerous literature reviews have examined feasibility, 1,2 explored prevalence, 3 and provided broad summaries of the research evidence for developmental screening measures, 4,5 neurodevelopmental assessment, 6 and measures of child disability in LMICs. 7 Additional contributions to the literature have elaborated on the complexity and challenges of creating new measures or translating and adapting existing measures to new countries and contexts, 8, 9 and have reviewed developmental monitoring, screening, and assessment procedures in LMICs. 10 In combination, this literature base provides researchers and practitioners an invaluable resource that documents screening, monitoring, and assessment measures created within LMICs; describes -to an extent -the breadth and depth of efforts to translate and adapt measures originally created in high-income countries (HICs); and reports the psychometric properties of many of these measures. However, the current literature has limitations. Some articles have reinterpreted or even misrepresented definitions of screening and monitoring. Ertrem, 10 for example, promotes developmental monitoring as a holistic, family-centred, child-focused process that improves child and family well-being over time. The author then recasts developmental screening in LMICs as an approach 'in which groups of children are screened to ascertain whether they have developmental delay, by testers who do not necessarily have a continuous relationship with the families or access to health or social information other than that provided by the screening instrument' (p. 41). As will be seen below, Ertrem's reinterpretation of developmental screening as something done to groups of children by 'testers' who have limited knowledge of child development or family history does not align with the literature. In a recent article describing the Guide for Monitoring Child Development, 11 Ertrem further argues that the words 'surveillance,' 'screening', and 'monitoring' represent different underlying philosophies. She alleges that surveillance and screening are 'associated with security and policing' and keeping out 'something undesirable' (p. 83). Monitoring, in contrast, 'means "to watch, keep track of, or check, usually for a special purpose" and implies an accepting, humble, positive and hopeful stance' (p. 84).
Other articles from this growing literature on developmental screening in LMICs inadvertently omit or overlook evidence in support of some measures. For example, the recent review by Semrud-Clikeman et al., 6 of neurodevelopmental assessments used in LMICs, includes the Ages and Stages Questionnaires (ASQ) but inaccurately states there are no normative data on the measure in low-and middle-income contexts. As discussed herein, normative ASQ data have been collected in multiple LMICs, including China, Georgia, Iran, and Turkey. Still other articles emphasize the cost and complexity of the translation and adaptation process but primarily apply these limitations to measures created in HICs and not to measures transported from one LMIC to another. As an example, Fischer et al., 4 who examine the feasibility of implementing developmental screening in primary healthcare centres in low-and middle-income settings, promote the use of tools developed in LMICs over those developed in HICs. The authors argue that 'in addition to their adaptation needs, their costs, training requirements, and time for application' make existing measures from HICs 'less suitable for use' than measures developed in LMICs (p. 323). (It is worth noting that Fischer et al. state they are examining the nine feasibility characteristics most valued by a convenience sample of 23 international experts on child development (p. 316); however, four of the nine criteria they highlight do not correspond to the nine top-ranked items reported in Table I of their paper. The three items referred to here [cost, training requirements, and time for application] are ranked fourteenth, eleventh, and twelfth respectively, among a list of 19 feasibility items.) Although the time and expense associated with measurement translation, adaption, and training are important considerations, they are equally applicable to measures developed in LMICs.
Finally, some of the articles within this literature base discuss reliability and validity as though they were unchanging characteristics of the measures themselves. Fischer et al. 4 recommend use of the Disability Screening Test, Guide for Monitoring Child Development, and Malawian Developmental Assessment Tool citing only sensitivity and specificity data from the country in which each measure was developed. As we discuss below, reliability and validity data contribute evidence to a broader validity argument that must be continuously updated and reconsidered as measures are transported to new contexts and countries. Measures are not inherently valid and reliable and a single source of psychometric data should not be used to endorse the broad use of a measure.
Given the aforementioned definitional shifts and omissions of evidence, there is a need to compile and evaluate across studies the evidence for a given measure. Such a process enables understanding of whether these shifting definitions of developmental screening are warranted when implementing them in LMICs and facilitates examination of the breadth and depth of use across a range of settings and contexts. In this manuscript, we use the ASQ as an example of this process. Recent articles on the ASQ have offered general descriptions of global use, 12 and summarized previous research on the tool's psychometric properties for some age intervals. 13 However, to our knowledge, no previous article has documented the range of ASQ studies conducted in LMICs and examined ASQ use with respect to study type (i.e. feasibility, psychometric, prevalence, and research).
To begin, we discuss widely accepted definitions of developmental monitoring and screening that contrast sharply with those described above. We then report findings from a literature review of published, peer-reviewed articles on the ASQ in LMICs to better understand current ASQ use; describe the extent to which these identified studies adhere to recommended procedures for translation, adaptation, and psychometric evaluation; and discuss ASQ screening procedures (e.g. setting, form of administration, parent involvement) in low-and middle-income contexts. Finally, we identify gaps in currently available evidence and make recommendations for broadening and increasing support for rigorous translation, adaptation, and evaluation procedures. 
Feasibility study
The article met at least one of the following criteria:
• Included information on the translation and adaptation process for the ASQ and included preliminary reliability data; • Included information on the translation and adaptation process for the ASQ and explicitly discussed or presented data on the feasibility or utility of implementing the ASQ in a new context or culture; • Situated collection of the ASQ in the context of developmental delay and early identification, implemented the ASQ with a sample of participants, and reported preliminary prevalence rates or prevalence rates on a small subsample of the population Psychometric study The article presented at least one form of validity evidence (e.g. content, response process, internal structure, relationship to other variables, or consequences). The article discussed the adaptation and translation process and reliability evidence or referenced research describing this process (e.g. another article, technical report, or manual) Prevalence study
The article adhered to guidelines for prevalence studies including analysis of a clearly defined target population identified via probability sampling and reported ASQ domain and/or age by domain prevalence rates using valid, country-specific cut-offs Research study
The article used the ASQ within a broader research study to examine child development ASQ, Ages and Stages Questionnaire.
What this paper adds
• The Ages and Stages Questionnaires (ASQ) has been used in at least 23 low-and middle-income countries (LMICs).
• The ASQ has been translated into at least 16 languages in LMICs.
• Over half the identified studies reported parent completion of the ASQ.
DEVELOPMENTAL SURVEILLANCE/MONITORING AND SCREENING
Developmental surveillance (often labelled 'monitoring' by non-medical professionals) is 'a flexible, longitudinal, continuous and cumulative process whereby knowledgeable health care professionals identify children who may have developmental problems'. 14 There are five fundamental components to developmental surveillance according to the American Academy of Pediatrics, although others have recommended up to 12 components. 15 During surveillance a health professional -at a minimum -should (1) elicit and attend to parent concerns about their child's development; (2) document and maintain a developmental history; (3) make accurate observations of the child; (4) identify the presence of risk and protective factors; and (5) maintain an accurate record of the process and findings.
14 Surveillance can be unstructured (i.e. guided by subjective impression or casual observation) or structured. Structured surveillance incorporates an evidence-based screening measure such as the ASQ or Parents' Evaluation of Development Status into the decision-making process, which increases the likelihood that children will be identified and linked with an appropriate agency for further assessment. 16 Use of a standardized broadband developmental screening tool is central to an ongoing, structured surveillance process. The American Academy of Pediatrics recommends developmental screening at 9 months, 18 months, and 24 to 30 months. 14, 15 A parent, early intervention specialist, preschool teacher, community outreach worker, public health nurse, medical professional, or paraprofessional may administer a screening tool. Developmental screening is not limited to healthcare and public health settings. They may be completed in the child's home, childcare centre, or any other community settings of the parents' choosing. If the child has a potential delay based on a screener's cut-off criteria, a practitioner (with parental consent) or even a parent can make a referral to an early childhood intervention programme or another similar programme for an in-depth developmental assessment, decision regarding eligibility, and the development of an individualized family service plan, after which individualized early childhood intervention services are provided.
Several broadband developmental screening tools with evidence of reliability and validity are currently available, including the ASQ, Third Edition (ASQ-3); Parents' Evaluation of Development Status; Parents' Evaluation of Developmental Status -Developmental Milestones; Brigance Screens; and Developmental Assessment of Young Children. Examples of narrowband tools include the ASQ: Social Emotional; Communication and Symbolic Behavior Scales Developmental Profile; and the Modified Checklist for Autism in Toddlers.
THE ASQ
The ASQ is a series of 21 simply worded developmental screening questionnaires that can be used with children between 1 month and 66 months (5y 6mo) of age who are not known to have an established delay or disability. Now in its third edition, the ASQ is a flexible, low-cost, firstlevel, broadband developmental screening tool designed for universal application in order to answer the question, 'Does this child require further evaluation?' As it is designed to be completed by the parent(s), ASQ items reflect skills that are easily observed or elicited by parents; are likely to occur in home and early childhood settings; and reflect key developmental milestones. The developers encourage parents to try each item with their child when their child is healthy, rested, and fed, and to make completing the questionnaire a fun activity.
The ASQ has a uniform format across all age intervals. Each interval assesses five developmental domains (communication, gross motor, fine motor, problem-solving, and personal social) via six scored items hierarchically arranged from easier to harder. Gross motor items look at the child's large muscle movement and coordination. Fine motor items ask about finger and hand movements and hand-eye coordination. Problem-solving items are assessed by observing how the child plays with toys and solves problems. The personal social items address the child's self-help skills and interaction with others.
Parents select 'yes', 'sometimes', and 'not yet' for each of the 30 scored items. A parent selects 'sometimes' for emerging behaviours the child is just beginning to demonstrate. Some items contain graphics to clarify item intent. The ASQ also has a section with open-ended items that are not scored. These items look at the quality of skills to detect parent concerns, including early language and behavioural concerns. ASQ authors recommend follow-up for any parent concerns because they are highly predictive of developmental needs. [17] [18] [19] The developers recommend parents independently complete the measure with support as needed from trained programme personnel who subsequently score the form. Support can range from limited to intensive programme personnel involvement, depending on the setting and population. For example, limited support would entail personnel providing parents with an explanation of the screening process, providing information on the questionnaire's item and domain structure, answering parent questions, allaying any parent fears about the process, and scoring and interpreting the results for the parents. Intensive supports might include reading items to parents or helping parents elicit and interpret their child's response to an item. 20 Other family members, teachers, and individuals who know the child well or who can easily observe and elicit the child's developmental skills and behaviours may complete the ASQ.
EVIDENCE OF RELIABILITY AND VALIDITY
A measure is neither inherently valid nor invalid. 21 Instead, measurement developers collect evidence to support the reliability and validity of a measure and then utilize this evidence to construct an argument to support its use for a particular purpose. 21 To date, the majority of research on the adaptation and validation of developmental screening tools in LMICs describes findings in terms of validity types (e.g. face, criterion, content, construct) rather than utilizing more recent unified frameworks for validity evidence or argument-based approaches. In contrast to outdated discussions of validity types, unified and argument-based validity models focus on the targeted accumulation of evidence. Within these models, validity is not an inherent quality of a measure; instead, it is context specific and dependent on the decisions and consequences associated with its implementation. 21 Furthermore, validation is an iterative, ongoing process through which a body of evidence is assembled to either support or refute the use and interpretation of a measure. 22 A unified theory of validity situates all forms within construct validity. 23 Tool developers then collect five types of evidence to construct an argument in support of the reliability and validity of a measure. The five types of evidence collected pertain to a measure's (1) content, (2) response process, (3) internal structure, (4) relationship to other variables, and (5) consequences. Broadly speaking, the first three forms (content, response process, and internal structure) provide evidence to support the use of a measure, whereas the latter two forms (relationship to other variables and consequences) attend to decision-making and implications associated with a given measure. Researchers often obtain evidence in support of content and response process during tool development, 24 or -in the context of this paper -during the translation and adaptation process. For example, providing documentation of how a measure was developed and the extent to which the process accords with accepted guidelines for cross-cultural adaptation would provide strong evidence in support of a measure's content. 25, 26 This evidence might include documentation of how and by whom the measure was translated; the qualification of those involved in the translation, adaptation, and review process; and whether content experts possessing country, context, and substantive knowledge conducted and reviewed the adaptations. Response processes pertain to how a respondent interacts with a given assessment or measure. Evidence of response processes might be obtained through observations, focus groups, interviews, think-aloud sessions, or measurement of eye tracking and response time. 24 Evidence in support of a measure's internal structure and relationship to other variables align closely with standard conceptions of validity. Evidence of internal structure include statistical methods assessing dimensionality, measurement invariance, and reliability; 27 whereas evidence of a measure's relationship to other variables includes traditional forms of criterion-related validity, such as convergent, divergent, and concurrent. 23 Finally, evidence of a measure's consequences include not only statistical evidence such as receiver-operating characteristic curve analysis and the sensitivity and specificity of cut-offs, but also consideration of the potential positive and negative consequences of administering a tool or identifying a child using the cut-offs. 28 
METHOD Inclusion criteria
Articles eligible for inclusion in this study were all original, peer-reviewed studies written in English, referencing use of the ASQ in a LMIC. As we wanted to capture the broad use of the ASQ, we included articles using all versions of the ASQ (e.g. ASQ-2 and ASQ-3), as well as studies reporting use of modified versions of the measure (e.g. combining age intervals or using altered administration procedures).
We utilized World Bank region and income categories to group the studies. For the 2018 fiscal year, the World Bank classifies a country as low-income if it had a gross national income per capita of US $1005 or less in 2016. If a country had a gross national income per capita between US $1006 and US $3995, the World Bank classifies the country as lower-middle-income. Countries with a gross national income per capita between US $3956 and US $12 235 are classified as upper-middle-income. 29 Based on these criteria, studies on the ASQ from up to 31 low-income countries and 109 lower-middle-income and upper-middle-income countries were eligible for inclusion. Additionally, studies from all world regions, with the exception of North America, were eligible. We excluded North America because all countries in the region (e.g. Bermuda, Canada, and the USA) have high-income economies (e.g. gross national income ≥US $12 236).
Search strategy
We compiled the articles included in this review between September 2016 and September 2017. We used a multistage process for study identification. Firstly, we conducted a search of the following databases: ERIC, Google Scholar, MEDLINE, and PsycInfo. For each database search, we included the key terms 'Ages and Stages Questionnaire', 'ASQ', 'ASQ-2', and 'ASQ-3' along with additional terms to limit the scope of each search to LMICs. These terms included 'low-income countries', 'middle-income countries', 'low and middle-income countries', 'developing countries', and 'developing nations'. Although we acknowledge that some of these terms are outdated descriptors (e.g. developing countries), we sought to narrow our search from including HICs while simultaneously using broad search terms to identify studies in low-and middle-income contexts. Secondly, after completing the initial search as described, we conducted a second search using various terms for the ASQ and the country name for each LMIC. Thirdly, after completing the database searches, we reviewed the references of each article we identified during our search to find additional articles. Finally, we contacted the lead author of the ASQ, Dr Jane Squires, and obtained a list of published articles on the ASQ against which we cross-checked our article list.
Article categorization
To establish agreement on study categorization, the first (JWS) and second authors (HH-S) of this article used a consensus-rating procedure. Firstly, each author independently reviewed and categorized the articles using the criteria described in Table I . After independent review, we agreed on 49 of 55 articles. We then reviewed and discussed the six discrepant cases until reaching consensus on all articles. Interrater reliability was acceptable (j=0.83). We classified each article into one of four categories: feasibility study, psychometric study, prevalence study, or research study. These categories represent a continuum with respect to measurement development, moving from initial development and testing through systematic, largescale validation to use in research or practice. Table I briefly details the criteria for each category. Feasibility studies assess 'the extent to which a new treatment, or innovation, can be successfully used or carried out within a given agency or setting'. 30 In general, feasibility studies involved smaller samples than psychometric studies; involved examination of fewer ASQ age intervals; utilized convenience samples; and reported preliminary reliability or prevalence data. The distinguishing characteristic of psychometric studies pertained to the types of analyses conducted. We categorized an article as a psychometric study if it included evidence in support of at least one form of validity. 31 Typically, psychometric studies involved larger samples; analysis of all ASQ age intervals; and reported data on a representative sample of participants. Psychometric studies also included information on the translation and adaptation process and scale reliability, or referenced an article or manual containing evidence detailing this information. We grouped articles in the prevalence category if the authors described a clearly defined target population, identified the sample via probability sampling, and reported ASQ prevalence rates using valid, country-specific cut-offs. 32 Finally, we categorized any article in which the authors used the ASQ to assess child development as a research study.
RESULTS
We identified 55 peer-reviewed articles written in English detailing use of the ASQ in LMICs. All articles were published between 2007 and 2017, with the majority (93%) published between 2010 and 2017. We identified 51 of 55 articles via database searches. Four additional articles were identified by a cross-check of our article list with a list from the lead author of the ASQ. Before analysis, we removed two research articles that referenced the ASQ but did not utilize the tool in their research. Thus, our final analysis included 53 articles. Figure 1 provides a flow chart of the articles by world region and country. Although only 53 articles are included in this review, four articles referenced two countries; [33] [34] [35] [36] one article referenced three countries; 37 and one article referenced four countries. 38 Thus, by country, the total number of articles referenced is 62 rather than 53. In total, we identified ASQ use in 23 of 140 LMICs (16%) 
Regions and countries
In East Asia and the Pacific and Latin America and the Caribbean, the articles were distributed more evenly across countries.
Administration language
For 41 of the 53 (77%) articles the authors specified the language in which they administered the ASQ. The ASQ was translated into 16 languages: Afrikaans (n=2), Arabic (n=1), Bengali (n=1), Brazilian Portuguese (n=2), Chinese (n=2), Georgian (n=1), Hindi (n=6), Nepalese (n=1), Nyanja (n=2), Persian (n=13), Quechua (n=1), Sesotho (n=1), Spanish (n=7), Thai (n=1), Turkish (n=2), and Zulu (n=2). Four studies administered the ASQ in two different languages. Thus, the total sums to 45 rather than 41. For the remaining 12 studies (23%), the authors did not explicitly state the language of administration. For four studies, trained assessors translated the ASQ as needed during administration with the parent and child. For the remaining eight studies, the authors did not describe whether they used a translated version of the ASQ or the English version.
Administration procedures
Just over half of the studies reported parent completion of the ASQ (51%). Of the 27 studies reporting parent completion, 13 reported the parent completed the questionnaire independently and 14 reported completion via parent interview. For the remaining 26 in which the parent did not complete the ASQ, 17 reported a trained assessor conducted a direct assessment of the child, two reported teacher completion, one reported physician completion, and the other six studies did not provide information on who completed the questionnaire. Parent completion was highest among feasibility (75%) and prevalence studies (78%).
For psychometric studies, 40% reported parent completion of the ASQ, which was comparable to the percentage reported for research studies (38%). In East Asia and the Pacific all five studies reported parent completion of the ASQ. Parent completion rates were comparable across studies conducted in Europe and Central Asia (75%), the Middle East and North Africa (71%), and Sub-Saharan Africa (70%). In Latin America and the Caribbean and South Asia, only 10% of the studies in each region utilized parent completion. Parent completion rates were higher in upper-middle-income countries (61%) than in lower-middle-income (29%) and low-income countries (33%).
Study type
As detailed in Table II , study type varied considerably by economy. In low-income and lower-middle-income contexts, the majority of identified articles reported findings from research studies (100% and 70% respectively). The percentage of feasibility and psychometric studies identified were comparable across lower-middle-income and uppermiddle-income contexts. Prevalence studies were unique to upper-middle-income countries.
The distribution of article type also varied by region. Findings from a psychometric study were reported for at least one country in each world region. Every region also had at least one feasibility study with the exception of Europe and Central Asia. In three regions the majority of articles were research focused: East Asia and the Pacific (five of eight articles); Latin America and the Caribbean (seven of 11 articles); and South Asia (11 of 13 articles). Only three regions reported data from prevalence studies: East Asia and the Pacific (one article); Europe and Central Asia (one article); and the Middle East and North Africa (seven articles from Iran). Two regions had a relatively equal distribution of articles across three of four types. Articles on countries in Sub-Saharan Africa were distributed equally (e.g. four articles each) across feasibility, psychometric, and research studies. In Europe and Central Asia, articles were distributed across psychometric (two articles), prevalence (one article), and research (one article) studies. Below, we discuss pertinent characteristics of the articles classified as feasibility, psychometric, and prevalence. A detailed discussion of identified research studies is outside the scope of this paper.
Feasibility studies
We identified eight feasibility studies, two conducted in lower-middle-income countries (i.e. Ghana and India) and six in upper-middle-income countries: Lebanon (n=1), Peru (n=1), South Africa (n=3), and Thailand (n=1).
Reflecting their exploratory nature, most of the feasibility studies involved a small number of participating children (range 15-733) identified predominately via convenience sampling (87%). As described in Table III , three of eight studies examined all ASQ intervals (e.g. 2-60mo or 4-60mo, depending on version), with the remainder translating and adapting a smaller range of age intervals. Across the eight studies, participants resided in rural (n=2), urban (n=3), and suburban (n=1) settings. (Two studies did not provide sufficient detail to ascertain setting type.) As an example, the three feasibility studies conducted in South Africa targeted participants from rural, 39 urban, 40 and suburban 41 settings. Additionally, South African researchers examined the feasibility of translating the ASQ to three of the country's 11 languages (e.g. Afrikaans, Hindi, and Sesotho) for use with 'middle-class' households, 40, 41 as well as families facing socio-economic inequalities. 39 A high-quality translation and adaptation process includes (1) forward-back translation; (2) cultural adaptation; (3) expert review; and (4) pilot testing. 25, 42 The feasibility studies identified in this review varied in terms of detail and quality. Two studies reported on all four steps, 40, 43 and two other studies reported completing all steps with the exception of pilot testing. 44, 45 Two studies reported conducting a forward-back translation process before commencing research, but neither study culturally adapted the ASQ before using it. In one study, the researchers reported they found it necessary to make cultural adaptations after completing three interviews. 39 In the second, 41 the authors suggested follow-up studies to address potential cultural bias. Overall, six studies (75%) noted that some adaptation of ASQ items was necessary when using the measure in the new context.
Measures of reliability include interrater, test-retest, and coefficient alpha. Only one of eight feasibility studies provided information on all three forms of reliability. Two (n=2) 6 (15) 8 (20) 9 (23) 16 (41) Data are n (%).
a Although there are only 53 articles in the review, four articles referenced two countries; one article referenced three countries; and one referenced four countries. Thus, the total number of articles by country reported in this table equals 62 rather than 53. additional studies reported on two of three forms of reliability. Thus, across the eight studies, two reported interrater reliability, two reported test-retest reliability, and three reported coefficient alpha. Additionally, three studies provided valuable information on the appropriateness, utility, and functionality of the ASQ via direct report from parents who had completed the screening process.
The identified feasibility studies did not systematically examine other feasibility factors, 4 such as acceptability, utility, training procedures, or administration time. Four studies reported information on parent acceptability, 39, 41, 43, 45 two studies discussed parent-reported utility of screening procedures, 43, 45 and one study detailed information on early childhood staff's acceptability and utility of the ASQ. 45 One study described the education level and training required to administer the ASQ 'home procedure'. 44 Three studies reported an estimated window of time for administration (e.g. 20-30min). 39, 41, 44 Finally, only one study discussed cost, 44 noting that the ASQ could be 'conducted at a low cost'. 
Psychometric studies
In total, we identified 12 psychometric studies. (Two studies reported findings on two countries. Thus, the 12 studies discussed refer to 10 journal articles.) Table IV provides a description of the sample, language, ASQ age intervals, and study purpose. All 12 studies were completed in middle-income countries, with the majority (67%) completed in upper-middle-income countries. The four studies conducted in lower-middle-income countries were completed in Georgia (n=1), India (n=1), and Zambia (n=2). The eight studies completed in upper-middleincome countries were completed in Brazil (n=2), China (n=1), Iran (n=1), Peru (n=1), South Africa (n=2), and Turkey (n=1).
Reporting psychometric data for each study is beyond the scope of this review. Instead, we will describe the extent to which the studies (1) detail information on the adaptation and translation process, (2) report evidence of reliability (e.g. interrater, test-retest, and internal consistency), and (3) present information in support of the ASQ's internal structure, relationship to other variables, and consequences in the new country and context. As two studies reported findings on two countries, 33, 36 we will not treat these separately. Thus, the information presented below pertains to 10 rather than 12 psychometric studies.
Overall, most studies provided strong support for the adaptation and translation process. Four of 10 studies discussed all four steps (e.g. forward-back translation, adaptation, expert review, pilot) and an additional four studies conducted and reported on the first three steps but did not pilot the measure before use. Eight of 10 studies provided information on internal consistency, but only three studies reported test-retest reliability and only two reported interrater reliability statistics. Eight of 10 studies reported on only one type of evidence to support the validity of using the ASQ in the new country and context. Four studies provided support for the internal structure of the ASQ (e.g. factor analysis, item analysis, etc.). 33, [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] Two studies reported on the ASQ's relation to other measures via correlations with a criterion measure. 49, 50 Finally, six studies reported on the consequences of ASQ use. 36, [49] [50] [51] [52] [53] Three reported on sensitivity and specificity; two examined the reasonableness of ASQ cut-offs in comparison to normative cut-offs in other countries; and one study addressed clinical implications of false screening results through examination of within-interval age variation.
Prevalence studies
We identified nine prevalence studies conducted in three upper-middle-income countries: China (n=1), Iran (n=7), and Turkey (n=1). All nine prevalence studies were conducted in countries that had completed large-scale psychometric studies of a translated and adapted version of the ASQ. In turn, all nine studies cited previous research and none reported new information on reliability or validity.
DISCUSSION
The purpose of this review was to map current use of the ASQ in LMICs as reported in peer-reviewed published literature on the measure. We found ASQ use in all world regions, although rates of use -based on the percentage of articles found -were higher in middle-income countries than in low-income countries. Within region, the percentage of countries reporting ASQ use in peer-reviewed journals was comparable across most world regions with the exception of South Asia. These findings suggest broad global use of the ASQ with narrow, clustered use within regions. For example, no world region reported use in more than five countries and for three world regions -the Middle East and North Africa, South Asia, and SubSaharan Africa -more than 50% of the published articles were from studies conducted in a single country (Iran, India, and South Africa respectively). Given that nearly half of the articles were research studies, these variations and the clustering of studies within specific countries may reflect regional or country-level variation in research priorities, capacity, or funding.
Study type varied by world region and economy as well. In low-income and lower-middle-income countries, most if not all studies utilized the ASQ within a research study to examine child development. For lower-middleincome and upper-middle-income countries, the percentage of feasibility studies were comparable (10% and 15% respectively) as was the percentage of psychometric studies (20% and 21% respectively). Published prevalence studies, however, were only conducted in upper-middleincome countries. Measurement development and use does not necessarily follow a linear path from initial development and testing through systematic, large-scale validation, to use in research or practice. In fact, our findings suggest at least two 'paths' exist. The first 'path' involves a more systematic development process during which researchers (1) translated and adapted the ASQ following accepted guidelines; (2) generated evidence in support of reliability and validity; (3) conducted prevalence studies; and then (4) utilized the ASQ in research studies. Implementation of these steps varied by country with some countries still in the earlier stages of the process (e.g. feasibility or psychometric studies) and other countries engaging in multiple steps concurrently. It is also worth noting that the accumulation of evidence can occur across multiple research groups working independently or in collaboration. The second translation and adaptation 'path' involved utilization of the ASQ solely for research purposes. This path typically entailed abbreviated translation and adaptation of the measure, direct translation during the parent interview, or use of the English version of the measure.
Feasibility studies provide an important first step toward broad use of a screening measure in a new context or culture. These studies provide valuable preliminary information on the appropriateness and acceptability of a measure and, depending on the design of the study, may help inform development of screening systems and procedures, including identification of enablers and barriers to implementation and scale-up. Three unrelated and temporally dispersed studies conducted in South Africa provide an impromptu exemplar of the value of examining feasibility, as well as the complexity of translating and adapting assessments to new contexts. [39] [40] [41] Each shares a similar purpose -examining the appropriateness of the ASQ in a new language and culture -and yet each study adapts the measure to a different language for use with a unique population within the same country. Specifically, Abdoola et al. 41 translated the 60 month interval of the ASQ to Hindi, and, based on their findings, described it as 'an appropriate tool for use with the middle socioeconomic class Hindi (Indian) language and culture'. Bornman et al. 40 adapted the 36-to 60-month ASQ intervals to Afrikaans, reporting them as 'reliable assessments of urban, middle-class Afrikaans-speaking children's development across the preschool years'. Finally, Visser et al. 39 translated and adapted the 24-to 48-month intervals to Afrikaans and Sesotho for caregivers in a rural area of the country. Each of these studies contributes pertinent information on the appropriateness and acceptability of the translated and adapted intervals of the ASQ used, as well as the screening procedures utilized to obtain the data. These studies also demonstrate the complexity of creating or adapting appropriate measures to LMICs where a range of languages and socio-economic contexts may affect item understanding and interpretation and the acceptability of screening procedures. Many countries may require multiple language versions of a measure and even if a translated version already exists, such as the Hindi version of the ASQ used in India, use of the measure in a new country still requires translation, adaptation, and examination of the feasibility of implementing in a new context. As Sireci and Padilla assert, 'a single validation study cannot provide a compelling body of evidence to support the use of a test for a particular purpose'. 22 Instead, developing a compelling validity argument is an iterative and ongoing process. The majority of psychometric studies in this review reported limited information on reliability and only 20% of the psychometric studies we identified reported on more than one form of validity evidence. Additionally, only two studies provided findings on the ASQ's relationship to other variables, limiting the evidence available to determine the extent to which ASQ domains converge with other similar measures or how well the ASQ predicts actual developmental delay in LMICs. The limited availability of criterion measures with strong evidence of reliability and validity for use in LMICs may partially explain the absence of these data, as noted in one study. 48 These findings, however, suggest the need for ongoing research to fill evidence gaps and bolster validity arguments. Each study provides important evidence that contributes to an overall validity argument, but a single study does not provide sufficient evidence. Furthermore, all of the psychometric studies we identified were conducted in middle-income countries, with two-thirds of the studies from upper-middle-income countries. Here, again, multiple factors, including capacity, funding, and priorities, may explain these variations.
The prevalence studies conducted in China, Iran, and Turkey provide evidence in support of a systematic development process. All nine prevalence studies we identified were conducted in these three countries and each study cited previous large-scale psychometric studies of the ASQ to justify examination of prevalence rates. Interestingly, parents completed the ASQ directly or via parent interview for all nine of these studies, in accordance with the administration procedures utilized as part of the large-scale psychometric studies conducted in each country. Although anecdotal, this finding provides preliminary evidence to suggest that procedural decisions made during psychometric testing may 'set the tone' for future use and may influence how researchers subsequently administer the tool.
With the exception of the feasibility studies, none of the studies in this review addressed real-world implementation of the ASQ or, in particular, the ways in which practitioners can utilize the tool to inform structured developmental surveillance or inform referral procedures for in-depth developmental assessment and possible access to early childhood intervention services. Five psychometric studies detailed information on sensitivity and specificity or the reasonableness of ASQ cut-offs; however, more evidence examining the consequences of use and the development, implementation, and scale-up of developmental screening systems in LMICs would be valuable to researchers and practitioners alike. For example, there was a dearth of information in the reviewed articles that could be used to answer important questions about where, when, and how often the ASQ should be used in LMICs.
Limitations
There are a few notable limitations to this study. Firstly, we limited our search to articles published in English in peer-reviewed journals. This approach may have resulted in the exclusion of articles published as grey literature. Additionally, there may be peer-reviewed articles published in other languages not captured as part of this review. For example, the second author (HH-S) of this paper is familiar with translations of the ASQ into Somali, Swahili, Tagalog, Thai, Urdu, and Vietnamese, and is contributing to ongoing work translating and adapting the ASQ for use in Ukraine and Myanmar. Thus, the information we report may underestimate the extent to which researchers and practitioners are actually using the ASQ and the number of languages into which researchers have translated the tool for use in LMICs. Furthermore, published articles may not reflect the full range of psychometric information compiled in support of a translated version of the ASQ. The Turkish version of the ASQ, for example, has an accompanying manual that may contain further evidence not described in the psychometric and prevalence studies discussed in this paper. Finally, as part of this study we did not distinguish between studies that utilized the ASQ as a population-based measure and those that utilized it as an individual-level measure of developmental delay. At least one study piloted the ASQ as a population-based measure, 39 reporting it has 'a potentially high level of usefulness for large-scale, population-based surveillance purposes'. Future research should examine use of the ASQ for population-based surveillance and examine, in particular, consequential evidence pertaining to its use in this manner.
CONCLUSION
Returning briefly to the definitional shifts and omissions of evidence in the literature base noted at the outset of this review, a number of important lessons emerge from a detailed evaluation of the literature on ASQ use in LMICs. Firstly, contrary to Ertrem's assertion, developmental screening is not something done to groups of children by 'testers' with limited knowledge. Instead, researchers and practitioners tend to administer the ASQ in accordance with the developer's recommendations. They either allow parents to complete the measure themselves or facilitate parent completion through provision of additional supports. Secondly, when considered as a whole, the evidence base for the ASQ in LMICs is vast and promising. As we note herein, individual psychometric studies often report information on only one form of reliability or validity evidence. In turn, it is imperative researchers and practitioners interested in assessing the merits of a measure compile evidence across studies and draw their own conclusions. Using the ASQ as an example, Semrud-Clikeman et al. 6 reported ASQ use in only three countries and provided no evidence of normative data. We, in contrast, documented broad and varied use across a range of languages, countries, and contexts, and we identified a range of psychometric evidence in support of the measure's use in LMICs. Finally, there is a need for further validation studies across all of the cited regions. Despite the extensive evidence summarized in this article, construction of a validity argument is an ongoing and iterative process that requires continuous updating as a measure is transported to a new country or to a new context within a country. Although measurement development may not follow a linear path from feasibility testing to large-scale validation, it is vital these steps occur and that evidence across studies is compiled and weighed, both for measures developed within and outside of LMICs.
